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Discrete Fracture Network modeling is a challenging issue because details in the spatial organization of fractures may 

control the hydrological or mechanical behavior of the fractured rock mass. Purely stochastic DFN models, referred as 

“Poisson models”, beyond the very limited number of data they are based on, may be irrelevant by not reproducing the 

fracture-to-fracture interaction, and the resulting network topology. Using genetic models of fracture networks to 

replace the lack of field information may be a solution for realism. Nevertheless, a full mechanical description of the 

fracture growth process at the network scale using complex numerical methods such as finite element is not feasible 

for computation time and resources reasons. Recent papers [1, 2] have proposed genetic models of DFN, called “UFM 

model”, using simplified fracturing-relevant rules for mainly two basic processes: 

• The fracture growth process, following Charles’ law [3] for subcritical regime: 𝑣(𝑙) = 𝐶𝑙𝑎. This entails a power-

law length distribution with the same exponent 𝑎 for freely-growing fracture. 

• The UFM arrest rule [2], where fractures stop when they encounter a larger one, which is a first order 

approximation of the mechanical interaction between fractures. This leads to a quasi-universal density distribution. 

With simple kinematic rules that mimic the main mechanical processes, the model produces fracture size distributions 

and fracture intersections that are consistent with observations. Our objective is to improve the model by explicitly 

considering the control of local stresses in both nucleation and fracture growth. We introduce a stress-driven nucleation 

in a timewise process of this kinematic model to study the correlations between nucleation, growth and existing fracture 

patterns. The method calculates the stress field generated by existing fractures and remote stress as an input for a 

Monte-Carlo sampling of nuclei centers at each time step. The resulting stress field at some position is given by the 

superposition of the remote stress field and the contribution of every fracture independently, ignoring fracture-to-

fracture interactions, using 3D tensorial analytical solutions of Fabrikant [4] for penny-shaped cracks under uniform 

remote stress loading. The orientation and growth speed of each newly generated fracture is then a function of the local 

stress field at the selected center. Networks generated by this so-called “stress-driven UFM model” (Figure 1, right) 

are found to have fractal correlations over a large range of scales, with a correlation dimension that varies with time 

and with the function that relates the nucleation probability to stress.  

 
Figure 1: 2D trace map of 3D UFM model with random nucleation (left) and stress-driven nucleation (right) using a 

random orientation distribution of fractures 



Comparisons between “Poisson”, “UFM” and “stress-driven UFM” models over a large number of simulations show 

that the correlation dimension associated to fracture centers of “stress-driven UFM” is lower than the topological 

dimension (Figure 2). 

 
Figure 2: Correlation dimension analysis for 50 realizations of each “Poisson”, “UFM” and “stress-driven UFM” 

models using the logarithmic derivative of the associated correlation pair function 

We also perform a lacunarity analysis [5] of fracture density to quantify the fracture pattern heterogeneity, which 

corresponds to clustering. We show that the resulting fracture density variability evolve in different ways with scale 

for the three models. This heterogeneity in the fractures spatial organization changes the connectivity and flow 

properties of the rock mass [6]. Moreover, we use a 3D implementation of Kachanov’s method [7] for interacting 

cracks to compare effective elastic properties of the fractured rock mass for these models. A sensibility analysis of 

input parameters has been performed in 3D to quantify the influence of fractures and remote stress field orientations. 
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